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[57) ABSTRACT

A photoelectric detection structure of the present in-
vention comprises a photosensitive layer deposited on a
substrate consisting of a material transparent to radia-
tion of visible light and of the near infrared light. The
substrate has a refractive index for this radiation in the
order of 2 with the substrate comprising on its surface
incident to the radiation a structure to reduce the reflec-
tion of the radiation on that surface.

12 Claims, S Drawing Figures
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PHOTOELECTRIC DETECTION STRUCTURE
HAVING SUBSTRATE WITH CONTROLLED
PROPERTIES

This is a continuation of application Ser. No. 439,461,
filed Nov. 5, 1982, now abandoned.

The invention relates to a photo-electric detection
structure comprising a photosensitive layer on a sub-

strate, which substrate is transparent to incident radia- 10

tion from the visible range and from the near infra-red
and which substrate has the shape of a plane-parallel,
convex, or concave plate having such restricted curva-
tures that the angle of incidence of the rays in a radia-
tton beam does not exceed 15 to 20°.

An application of the present invention is in particu-
lar a detection structure which is useful in gammagra-
phy. The invention is used in devices which comprise

such a photo-electric detection structure at their inputs,
for example, photo-electric cells, image intensifier
tubes, television camera tubes and photo-multipliers.
When the photo-electric detection structure used in
these devices comprises a photosensitive layer which is
deposited directly on the substrate, the result generally
1s a bad optical adaptation of the photosensitive layer on
the substrate so that a great part of the light incident on
the substrate is not used for the conversion of photons
into electrons and as a result of this the efficiency of the
photo-electric detection of the structure is poor.

It 1s known from U.S. Pat. No. 3,254,253 to improve
this efficiency by reducing the reflection phenomena
occuring at the interface substrate-photosensitive layer.
This may be done by means of at least one intermediate
layer which i1s transparent to the incident radiation and
which 1s provided between the substrate and the photo-

sensitive layer and the refractive index of the material of

the intermediate layer is between that of the material of
the substrate and that of the material of the photo sensi-
tive layer (in the order of 1.5 and 3, respectively). The
thickness of the intermediate layer must be adjusted so
that, taking into account the optical constants of the
material of the substrate and the material of the photo
sensitive layer, the light which is reflected at the inter-
face substrate-intermediate layer and the light which is
reflected at the interface intermediate layer-photosensi-
tive layer has substantially the same amplitude but is of
opposite phase so that the two reflected light quantities
compensate each other mutually by interference. Pro-
viding the intermediate layer in an accurate thickness
makes the construction of the structure difficult. In
order to minimize the losses by reflection at the inter-
face between substrate and photo-electric layer, a sub-
strate may be chosen having a higher refractive index
than that of normal glass. This is what is partly de-
scribed in “Actualités R.T.C.”, No. 41, April 1978, pp.
22-23, in which the photo-electric layer is provided on
the surface of a beam of photo-conductive fibers having
a core glass of a lanthanum glass with a refractive index
of 1.9. However, this device has two disadvantages. On
the one hand the structure is adapted in particular to
detection for image transmission, due to the optical
fibers with which it is provided, and is much less suit-
able (due to the fibers) for a quantitative detection with-
out image formation. On the other hand, due to the
higher refractive index of the fiber core glass with re-
spect to air a poor optical adaptation on the input side of
the structure results.
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It 1s the object of the invention to provide a photo-
electric detection structure having an easily realizable
construction as a result of the absence of an intermedi-
ate layer between substrate and photosensitive layer,
without the photo-electric efficiency decreasing. An-
other object of the invention is that the structure is
suitable for quantitative detection of photon phenom-
ena. For this purpose the invention suggests to use as a
substrate for the photosensitive layer a solid plate of
transparent material having a refractive index in the
order of 2. Furthermore, in order to avoid a bad optical
adaptation of the structure on the side of the input face
it comprises means to reduce the reflection of radiation
at this face. These means are in particular an anti-reflec-
tion layer of known composition.

According to a modified embodiment of the inven-

tion the substrate consists of lanthanum glass having an
index of approximately 1.9.

According to another modified embodiment the opti-
cal adaptation means at the input face of the substrate
for the photo-sensitive layer consist of a scintillator
crystal block for gammagraphy, for example, a crystal
(Csl, Na) or (Csl, TIl), which are materials having a
refractive index in the order of 1.8, bonded directly to
the substrate with the high refractive index of the mate-
rial of the block which is near the refractive index of the
substrate obtaining the desired optical adaptation. In
this case the invention consists of a detection structure
which may be used, for example, in gammagraphy or
spectrometry of X photons.

The invention will now be described in greater detail,
by way of example, with reference to the accompanying
drawing, 1n which

F1G. 11s a diagrammatic-sectional view of the photo-
electric structure according to the invention,

FIG. 2 shows curves of the photo-electric efficiency
as a function of the thickness of the photosensitive layer
of a photo-electric detection structure according to a
first embodiment of the invention in which the photo-
sensitive layer is tri-alkaline with formula (Sb Naj K,
Cs) compared with the efficiency of the same photosen-
sitive layer deposited on normal glass,

F1G. 3 shows curves of the spectral sensitivity of the
structure according to the first embodiment having a
layer S 20 or S 25 and those of the same layers deposited
on normal glass,

FIG. 4 shows curves of the photo-electric efficiency
as a function of the thickness of the photosensitive layer
of a photoelectric detection structure according to a
second embodiment of the invention in which the pho-
tosensitive layer is bi-alkaline with chemical formula Sb
K2 Cs, compared with the efficiency of the same layer
deposited on normal glass, and

FIG. § is a sectional view of a third embodiment of
the invention comprising a scintillator crystal at its
input.

FIG. 1 shows the structure according to the inven-
tion comprising the substrate which consists of a plate
11 which is transparent to radiation of the visible light
and of the near infra-red, a photosensitive layer 12 hav-
ing a thickness e and the anti-reflection layer 13 on the
side of the substrate which is present opposite to the
side comprising the photosensitive layer. In FIG. 1 the
sides of the plate 11 are assumed to be flat and parallel.
However, the invention also relates to the case in which
the faces are concave or convex with the curvatures of
the faces being restricted so that the angle of incidence
of the light rays in a parallel beam does not exceed 15 to
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20°. This structure constitutes the input of a photo-elec-
tric tube in which the light to be detected appears on the
left-hand side of the structure in the direction of the
arrow 14, while the vacuum 15 of the tube is present on
the right-hand side of the structure. The substrate con-
sists of a material which is transparent to visible light
and the near infra-red (having a refractive index in the
-order of magnitude of 2), for example a lanthanum glass
(to be compared with the refractive index in the order
of magnitude of 3 of the photosensitive material). The
anti-reflection layer 13 serves to adapt the substrate
optically to the surroundings of the tube which is

placed, for example, in air, or in 2 medium having a
refractive index in the order of magnitude of 1, so that

the reflection of the radiation at the interface substrate-
exterior of the tube i1s reduced as much as possible.
According to a first embodiment of the structure the
photosensitive layer 12 consists of tri-alkaline material
(a material comprising three alkali metals) of the chemi-
cal formula Sb Naj K, Cs, forming a layer of S 20 or S
25. The substrate is a glass having a high refractive
index (for example a lanthanum glass having a index of
1.9) and the antireflection layer 1s of a known nature, for
example, a layer of a material such as Mg Fs, Na3Al Fé,
Ca F», Sr Fy, Ba Fy, Al F3, Mg F», Ce F3), or Th Fa.

While substrate plate 11 has been identified above as
a lanthanum glass, it may also be a barium glass or a
titanium glass with the index of refraction being in the
order of 1.9. |

FIG. 2 shows the relative value of the photo-electric
efficiency pA at wavelength A of the radiation of such a
photo-electric structure as a function of the thickness e
of the photosensitive layer, which is plotted on the
horizontal axis for three radiation wavelengths A=430
nm, A=2520 nm, and A=800 nm, respectively, situated
in the blue, green and red parts, respectively, of the
spectrum. The curves representing the efficiency for
each of the wavelengths are the solid line curves 24, 25
and 26, respectively. These curves may be compared
with the broken line curves 21, 22 and 23, respectively,
denoting the photo-electric efficiency for the same
wavelengths of the photo-electric structure comprising
the same photosensitive layer which is deposited on
glass having a refractive index of approximately 1.5 as a
function of the thickness of the photo-electric layer.
The comparison of these efficiencies is recorded in table
I. With a so-called S20 layer which corresponds to a
thickness of e =200 A, the intensification in the blue is in
the order of 20%. With an S23 layer which corresponds
to a thickness of e=1200 A, the intensification is in the
order of 15% and 10% in the green and the red, respec-
tively.

TABLE 1
Type of photoelectric layer S 20 S 25 bi-alkaline
incident radiation blue green red blue green
intensification 20% 15% W% 8% 6%

FIG. 3 shows the spectral structure sensitivity ac- 60

cording to the first embodiment for an S 20 layer and an
S 25 layer, respectively, compared with the spectral
sensitivity of the known siructure comprising the same
S 20 layer and the same S 25 layer, respectively, depos-
ited on normal glass. The curves according to the inven-
tion are the solid-line curves 31 and 32 for the layers S
20 and S 25, respectively. The prior art curves are the
broken-line curves 33 and 34, respectively.
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According to a second embodiment the bi-alkaline
photo-emissive layer 12 1s of the type Sb K, Cs, SbRb;
Cs, or SbCs3z and the substrate 11 again is a glass having
a high refractive index (for example, lanthanum glass
having an index of 1.9), while the anti-reflection layer
13 1s a known prior art anti-reflection layer.

FIG. 4 shows, in a manner which i1s comparable to
that of FIG. 2, the photo-electric efficiencies for the
two wavelengths A=430 nm and A=520 nm of the
structure according to the invention and of the struc-
ture comprising the same photosensitive layer deposited
on a glass having a refractive index of 1.5. The curves

representing the photo-electric efficiency pA as a func-
tion of the thickness of the layer are 41, 42 for the struc-

ture according to the invention and 43, 44 for that of the
known structure, respectively. The comparison of the
results which are also summarized in table I gives an
intensification of 8% in the blue and of 6% in the green
for a thickness of the photo-electric layer e=175 A.
FIG. § shows a third embodiment according to the
invention. The structure comprises. on the side of the
input face of the substrate, a light scintillator crystal 61
which is irradiated, for example, with X-rays or gamma
rays. This crystal 61 may have the shape of a plane
parallel plate. The crystal and the input face of the
substrate of the photo cathode (structure), however,
may have very different shapes; flat, spherical, concave,
convex, etc. The material hereof has a high refractive
index (in the order of 1.8), for example, that of chemical
formula (CsI, Na) or (CsI, T1). Thus the structure shows
a good optical adaptation for the interface between
scintillator and substrate of the photo cathode without
the use of anti-reflection layers, as in the preceding
embodiments in accordance with the invention.
What 1s claimed is:
1. A photoelectric detection structure comprising
a substrate transparent to incident radiation in the
visible and near infra-red radiation range, said sub-
strate being lathanum glass, barium glass, or tita-
nium glass with a refractive index of at most 2, and
said substrate being of a shape to limit an angle of
incidence of a radiation beam to at most 20°,

means for reducing reflection at a first surface of said
substrate in the direction of incidence of said radia-
tion beam, and

a photosensitive layer at a second opposite surface of

said substrate.

2. A photoelectric detection structure according to
claim 1, wherein said shape is a plane-paraliel, a convex,
or a concave shape.

3. A photoelectric detection structure according io
claim 1 or claim 2, wherein said substrate has an index
of refraction of substantially 1.9.

4. A photoelectric detection structure according to
claim 1 or claim 2, wherein said means for reducing
reflection consists of a plate of scintillator crystal pro-
vided against said substrate, said scintillator crystal
having a refractive index of substantially 1.8.

5. A photoelectric detection structure according to
claim 4, wherein said scintillator crystal has a chemical
structure of (Csl, Na) or (Csl, TI).

6. A photoelectric detection structure according to
claam 1 or claim 2, wherein said means for reducing
reflection includes an anti-reflection layer.

7. A photoelectric detection structure according to
claim 1 or claim 2, wherein said photosensitive layer is
a tri-alkaline photosensitive material.
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8. A photoelectric detection structure according to

claim 7, wherein said tri-alkaline material is SbNa»K,
Cs.
5

9. A photoelectric detection structure according to

claim 7, wherein said photosensitive layer has a thick-

ness corresponding to a photoelectric layer of the type
S20 or S25. 10
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10. A photoelectric detection structure according to
claim 2, wherein said photosensitive layer is a bi-alka-
line photosensitive material.

11. A photoelectric detection structure according to
claim 10, wherein said bi-alkaline material is SbK,Cs,
SbRb2Cs, or SbCss.

12. A photoelectric detection structure according to
claim 10, wherein said photosensitive layer has a thick-
ness of substantially 175 A.
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